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Abstract—The results of experimental studies of acoustic radiation energy during processing tool wear
are considered. The regularities of acoustic emission signal statistical energy parameters changes at
normal and catastrophic processing tool wear are determined. It is revealed that the regularities of
change in the statistical energetic parameters of acoustic emission signals do not observe a characteristic
features of the change which are associated with the appearance of a certain type of tool wear. The
regularities of experimental acoustic emission signal statistical energy parameters mutual change during
normal and catastrophic processing tool wear are determined. It is shown that the ratio of the acoustic
emission signal average energy level to the average energy level standard deviation at a given analysis
interval is a sensing parameters to the mechanisms and stages of cutting tool wear during materials

machining.

Index Terms—Acoustic emission; acoustic radiation energy; machining; statistical energy parameters;

tool wear.

I. INTRODUCTION

At developing verification and diagnostic
methods of technological processes machining
materials much attention is given to problems of
treating tool condition (wear).

This is due by necessity to optimization and
control of technological processes parameters for
quality assurance of produced items. At research of
treating tool wear the analysis of traditional and non-
traditional parameters is carried out — cutting forces,
temperature, sound spectrum, acoustic emission
signals (AE) and others. At the last years a broad
complex researches of technological processes
machining materials, including and composite
materials (CM), is carried out using the registration
and processing of AE signals. Method of AE is a
dynamic method. It has a low inertia and high
sensitivity to submicro, micro and macro processes
of materials deformation and destruction. At
performing machining operations, the registered AE
signals bear considerable amounts of information
about the processes that occur in the materials
surface layers, taking into account changes in the
conditions of contact interaction treated and treating
materials. At the same time, significant difficulties
arise in the interpretation of registered AE
information. This is due to the fact that AE is
affected by a large number of factors — technological
process parameters, physical and mechanical
characteristics of treated and treating materials. One

of the influential factors is the treating tool wear.
The occurrence and development of tool wear
affects the conditions of treated and treating
materials contact interaction that results in change of
acoustic radiation parameters.

From the point of view developing methods for
verification and controlling the machining process, it
is of interest to determine the legitimacies of
acoustic radiation amplitude and energy parameters
change at increasing of treating tool wear.

II. PROBLEM STATEMENT

The purpose of article is to study the mutual
change of experimental AE signals statistical energy
parameters at treating tool wear.

For achievement the purpose of article the
following problems were put: to determine of
acoustic radiation energy regularity change at
normal and catastrophic treating tool wear; carry out
data processing with determination of AE signals
statistical energy parameters changes at normal and
catastrophic treating tool wear; to determine of
experimental AE  signals statistical energy
parameters regularity mutual change at normal and
catastrophic treating tool wear.

III. REVIEW OF PUBLICATIONS

The AE method is used in studies of various
operations of machining materials with a traditional
structure and CM [1] — [5]. The researches are
directed on looking up parameters, which one are
possible for using at mining methods of verification,
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monitoring and technological processes machining
materials adaptive control, including the use of
neural networks.

The outcomes of researches demonstrate
continuity of acoustic radiation and change its
parameters at change conditions of contact
interaction treated and treating materials. At the
same time, on the registered AE signals parameters
influence the different factors — technological
machining parameters, physical-mechanical
characteristics of treated and treating materials [6 -
10]. However, nature of AE parameters relationship
with operating of the different factors has a broad
band of changes. As demonstrate researches, in
many cases the data of relationship are discordant.
So, in article [10] it is shown that at increase of
machining CM speed there is increase mean square
value (RMS) of registered AE signal amplitude. At
the same time, in article [11] it is defined that under
the set machining conditions increase of cutting
speed leads to reduction RMS of AE signals
amplitude. In article [9] the AE account, the
numbers of AE events, the AE energy were
investigated. It is shown that at increase of
machining speed the reduction of all studied AE
parameters is observed. In article [10] research
influence of cutting depth on AE signals RMS
amplitude is also conducted. It is shown that at
increase of cutting depth there is a linear increase of
registered AE signals RMS amplitude. Research
influence of machining technological parameters on
AE statistical amplitude parameters is conducted in
article [7]. It is defined that to increase of machining
speed there is a nonlinear increase of AE signal
amplitude mean value and RMS amplitude, and also
amplitude mean value standard deviation. Thus
reduction of amplitude distribution skewness is
observed. The amplitude distribution kurtosis has
composite nature of change with its gradual
reduction. At increase of feed rate and cutting depth
dependence of AE statistical amplitude parameters
change have composite nature of change. At
increase of treating tool wear there is a reduction of
AE signal amplitude mean value, AE signal
amplitude mean value standard deviation and
amplitude distribution skewness. Thus AE signal
RMS amplitude and amplitude distribution kurtosis
are increase. At research of AE at initial and final
machining material stage authors of article [8] have
noted that increase of tool wear leads to increase of
AE signal RMS amplitude. In article [12] it is shown
that increase of tool wear practically does not lead to
change of AE signal of amplitude mean value. Thus
dependences of accumulation AE signals amplitude
mean value, AE signals RMS amplitude, and also

the area under AE signals have linear nature of
increase. Similar dependences it is observed to a
certain level of treating tool wear with the
subsequent their nonlinear change. At the same time,
increases of wear lead to reduction of AE signal
RMS amplitude standard deviation. The similar
result is received in article [13].

For increased reliability definition of cutting tool
state at machining materials methods of complex
data processing - the fractal analysis and analysis of
the main component [14] — [16] are used. Joint
processing some number parameters - cutting forces,
AE signals, vibrations signals is the cornerstone of
methods. Such processing of the registered signals
allows defining criteria which can be used for a tool
state assessment, including also use of neural
networks.

Theoretical researches of AE amplitude and
energy statistical parameters at treating tool wear for
cases of the controlled and not controlled cutting
depth are considered in articles [17] — [20]. It is
shown that at controlled cutting depth increase of
wear leads to increase of AE signals amplitude and
energy statistical parameters. In case of not
controlled cutting depth increase of wear leads to
reduction of AE signals amplitude and energy
statistical parameters. However, with increase wear
change of increase or reduction AE signals
amplitude and energy statistical parameters speed is
observed. From the practical point of view,
experimental study of influence treating tool wear on
acoustic radiation energy statistical parameters
mutual change is interest

IV. RESULTS OF EXPERIMENTAL RESEARCHES

At research carried out machining material on the
basis Al-Si-Cu. Material passed heat treatment on
the mode artificial aging without preliminary
tempering. As machining operation, a turning
operation was used. The amount of the machining
material made: length — 165 mm; diameter — 71.8 mm.
Machining material was carried out on the thread-
cutting machine TPK 125 HV (Fig. 1). Machining
was carried out with use of CD10 plate with cutting
inserts Sandvik Coromant from polycrystalline
artificial diamond (PCD). Inserts had a corner of
sharpening 80°, a back corner 5° and radius the tip of
the cutter 0.4 mm. Plates of CD10 were established
in the CoroTurn 107 holder.

At machining material registration of AE signals
with use of acoustic-emissive system was carried
out. The AE sensor was installed on the tool holder.
AE signal from output of the sensor amplified and
arrived on input of analog-digital converter. After
conversion AE signal registered in the personal
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computer. After signal recording its processing and
analysis with use of the software was carried out.
Software allows to control of AE signals write
process, to carry out their processing, to present
results in the form of tables and diagrams, to
transform data to formats, for use in Windows
applications. Applications were used for carrying out
mathematical and statistical data processing. At
machining material cutting speed made 100 m/min.
Cutting depth made 0.1 mm. Feed rate made
0.1 mm/rev. The sampling frequency of the analog
input signal was 170 kHz. The maximum volume of
recording AE information was 4 GB.

Workpiece Notebook
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Treating tool
A
Tool holder ADC
AE
transducer
Fig. 1. Experimental test bench
After  machining  operation  completion
measurement of tool wear with use of an
instrumental measuring microscope MS-4 was

taken. The MS-4 microscope has the measuring
accuracy of (1.5+0.005 L) microns, where L is the
size of the measured part (the basic size for carrying
out measurements). The basic size L for
measurements made 11.8 mm. Thus the measuring
accuracy of tool wear made 1.61 microns.

For carrying out the analysis two typical results
of AE signals record (for two tools) — for case a
normal and case a catastrophic treating tool wear
have been selected. Thus the analysis of acoustic
radiation energy was carried out.

The fragment of typical AE signal energy change
in time which is registered at an initial stage of
machining is shown in Fig. 2. The fragments of
energy change in time of typical AE signals which
are registered at normal and intensive (catastrophic)
treating tool wear at final machining stage are shown
in Fig. 3. The value of linear wear at normal tool
wear has made 0.05 mm. At treating tool intensive
wear has its destruction occurred. The time point of
tool destruction is noted in Fig. 3, by a point 4.

From Figs 2 and 3 it is visible that upon
transition from initial machining material stage to
final when tool wear arises and develops, there is a
reduction of acoustic radiation energy. However,
reduction of AE energy at intensive wear has
difficult nature of change, in comparison with a
normal treating wear.

Statistical processing of AE signals energy that
shown in Fig. 3 in the form of graphs the AE signals
energy average level change in time is given in
Fig. 4. At carrying out statistical data processing the
analysis interval made 1 s. The dependences similar
to Fig. 4 are observed and in change of AE signal
energy average level standard deviations and their
dispersions.
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Fig. 2. Graph of experimental AE signal energy change
in time at machining material initial stage
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Fig. 3. Graphs of experimental AE signals energy change
in time at machining material final stage: (a) at normal
treating tool wear; (b) at catastrophic treating tool wear

The received results show next. At machining
material initial stage, a certain stability of the
registered AE signals energy statistical parameters is
observed (Fig. 4a). Stability of AE signals energy
parameters is observed before emergence and
development of treating tool wear. According to data
retrieves, stability of the AE energy parameters at
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normal wear is observed to 88 s from machining
(Fig. 4b). Further there is a reduction of acoustic
energy radiation. Stability of AE energy parameters
at intensive wear is observed to 94 s from machining
(Fig. 4c). Further there is a reduction of acoustic
radiation energy. However, as data processing shows,
the speed of acoustic radiation energy reduction at
normal wear is less, than at treating tool intensive
wear. In Figure 5 dependences of AE signals energy
reduction at normal and intensive wear are shown,
respectively, after 88 s and 94 s machining.
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Fig. 4. Graphs of AE signals energy average level change
in times which are shown in Fig. 3

From Fig. 5 it is visible that the speed of acoustic
radiation energy reduction at normal wear is less,
than at treating tool intensive wear (slope angle of a
curve 2 much more, than a curve 1). Calculations
show that the speed of acoustic radiation energy
reduction at intensive wear in 2.7717 above, then at
treating tool normal wear. In too time, on the
received dependences features of their change which
can characterize transition to the arisen process -
normal wear, intensive wear, are not fixed. Thus, as
shows data analysis, at different machining stages
the advancing change of one AE signals statistical
energy parameters — energy average level, energy
average level standard deviation, and energy average
level dispersion is observed.
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Fig. 5. Graphs of AE signals energy average level change
in time at a final machining stage: / at normal tool wear
(a curve in Fig. 4b after 88 s); 2 at intensive tool wear (a

curve in Fig. 4c after 94 s)

Let's carry out the analysis of AE signals
statistical energy parameters mutual change in the
form of dimensionless coefficient Kz. The Kg
coefficient represents the relation of AE signal
energy average level to AE signal energy average
level standard deviation on the set analysis intervals

K,=E/s,, (1)

where E is the AE signal energy average level; s

is the AE signal energy average level standard
deviation.

Results of calculations, it agrees (1), in the form
of dependences Ky change in time for AE signals
which are given in Fig. 3, is shown in Fig. 6.

Results the carried-out calculations is shown,
before emergence of treating tool wear (normal or
intensive) a certain stability in value Ky is observed.
At a initial stage — Fig. 6a. At a final stage at normal
wear up to 88 s (Fig. 6b). At a final stage at
intensive wear up to 94 s (Fig. 6¢). However after
88 s and 94 s value of coefficient K nature change
for normal and intensive wear differs.
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Fig. 6. Dependences of coefficient K change in time,
it agrees (1), for AE signals which are shown,
respectively, in Fig. 3

At emergence and development of normal
treating tool wear increase of value coefficient Ky
with the subsequent its saw tooth reduction is
observed (Fig. 6b). Such change K is caused by that
at the initial stage development of normal wear there
is an advancing reduction of AE signal energy
average level standard deviation, in relation to its
average level. At the subsequent development of the
process there is an alternation of the advancing
reduction of AE signal energy average level or its

standard deviation. Emergence of saw tooth change
with its gradual reduction probably is connected
with emergence of treating tool instant wear staging
at the different micro levels of its development. At
emergence of intensive wear emission of coefficient
Kg value (Fig. 6¢) with the subsequent its
accelerated reduction before tool destruction is
observed. Such change Ky is caused by the
advancing reduction of AE signal energy average
level, in relation to its standard deviation.

Results of the conducted researches shown that
emergence and development of treating tool wear
influences on speed of acoustic radiation statistical
energy parameters change. Thus are not observed
characteristics in their change which are connected
with emergence a certain type of tool wear. At the
same time, coefficient which the relation of AE
signal energy average level to energy average level
standard deviation on the set analysis interval is
defined is to sensitive parameters to mechanisms and
stages of treating tool wear developing. Researches
show that in the absence of tool wear the design
factor value are stable. Emergence and development
of normal tool wear leads to increase of design
factor value with the subsequent its saw tooth to
change and gradual reduction.

Emergence and development of intensive tool
wear leads to sharp emission of design factor value
with the subsequent its accelerated reduction before
tool destruction. At the time of a sharp increase in

the value of K, its value increases by 5%, relative

to the average value of K, at the initial stage,

followed by a decrease of 5.6%.

Observed features in relation change of AE signal
energy average level to energy average level
standard deviation on the set analysis interval can be
used for control and tool condition monitoring in the
processes of machining materials, including also the
robotized productions.

IV. CONCLUSION

Experimental studies result of acoustic radiation
energy at emergence and development of treating
tool normal and catastrophic wear are considered.
The regularities of AE signals statistical energy
parameters change at development of normal and
catastrophic treating tool wear are defined.

It is shown that lack of tool wear is followed by
stable values of AE signals statistical energy
parameters. At emergence and development of tool
wear reduction of AE signals statistical energy
parameters is observed. However, on AE signals
statistical energy parameters regularities change are
not observed characteristics of change which are
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connected with emergence of a certain tool wear
type. Regularities of experimental AE signals
statistical energy parameters mutual change at
normal and catastrophic treating tool wear are
defined. It is shown that relation value of AE signal
energy average level to energy average level
standard deviation on the set analysis interval in the
absence of tool wear is stable. Emergence and
development of normal tool wear is followed by
increase of estimated relation value with the
subsequent its saw tooth change and gradual
reduction in time. Emergence and development of
catastrophic tool wear is followed by emission of
estimated relation value with the subsequent its
accelerated reduction in time before tool destruction.

The results of the conducted researches can be
used at developing control and condition monitoring
treating tool methods at machining materials,
including also monitoring treating tool in the
robotized productions. Of further interest are studies
the sensitivity of AE statistical energy parameters
mutual changes at changing machining technological
parameters and treating tool wear.
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C. ®. ®unonenko, A. Il. CtaxoBa. B3aecmHa 3MiHAa CTATHCTHUYHUX eHEePreTHYHUX MapaMeTPiB aKyCTHYHOI eMicil
Yy pa3i 3Hocy 00po0/II0BAIBHOIO iHCTPYMEHTY

Po3risiHyTOo pe3ynbraTH €KCHepHUMEHTANBHHUX JIOCHIPKEHb €Heprii aKyCTHYHOTO BHIIPOMIHIOBAHHS IIPH 3HOCI
00pOOIIOBAIBHOTO  1HCTPYMEHTY. BH3Ha4eHO 3aKOHOMIPHOCTI 3MiHM CTATHCTHYHUX CHEPreTHYHHX I1apaMeTpiB
CHTHAJIIB aKyCTHYHOI eMicii mpu HOpMalbHOMY i KaTacTpoidHOMY 3HOCI 0OpOOHOro iHCTpYMeHTY. BusiBieHo, mo Ha
3aKOHOMIPHOCTSIX 3MIHM CTaTUCTHYHHMX €HEPreTHYHUX IapaMeTpiB CUTHAJIB aKyCTHYHOI eMicii He CIIoCTepiraeTbest
XapaKTepHUX OCOONMBOCTEH 3MiHH, SKi TOB'SA3aHI 3 TOSBOI MEBHOTO BUAY 3HOCY IHCTpyMEHTY. Bu3HaueHO
3aKOHOMIPHOCTI B32€EMHOI 3MiHH CTATUCTHYHHUX €HEPreTUYHUX MapaMeTpiB €KCIIEPUMEHTAILHUX CHI'HAJIB aKyCTHYHOI
eMicii mpu HOpMaJbHOMY 1 KaTacTpoiyHOMY 3HOCI 0OpoOHOrO iHCTpYMeHTY. [lokazaHo, 1110 BiAHOLICHHS CEPEIHHOTr0O
piBHSI eHeprii CUrHajgy aKyCTHYHOI eMmicii J0 CTaHJapTHOTO BiIXWIIEHHS CEPEeAHbOrO PIBHS €Heprii Ha 3aJaHoMy
IHTepBaJi aHai3y, € YyTIMBUM MapaMeTpoM 10 MeEXaHi3MiB 1 CTalili 3HOCY PIKY4Oro iHCTPYMEHTY y THpoIleci
MexaHiyHOT 0OpoOKHM MaTepiaiB.

Karw4oBi ciioBa: akycTndHa eMicis; €Hepris aKyCTUYHOTO BHUIIPOMIHIOBAHHS;, MeXaHiyHa 0O0poOKa; CTaTUCTHYHI
€HepreTUYHI MapaMeTpH; 3HOC IHCTPYMEHTY.
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aKyCTHY€eCKOii IMHCCHH NPH U3HOCE 00padaTHIBAIOIIEr0 HHCTPYMEHTA

PaccMoTpeHbl pe3ynbTaThl 3KCIIEPUMEHTATIBHBIX HCCIEJOBAHUA JHEPIUU aKyCTUUECKOro W3JIY4eHHs IpPH H3HOCE
oOpabaTbiBatomiero HMHCTpyMeHTa. OrmpeseneHbl 3aKOHOMEPHOCTH HW3MEHEHHS! CTaTUCTUUECKHX HHEPreTHUECKHX
MapaMeTpOB CUTHAJIOB aKyCTHYECKOH SMHUCCHHM NMPHU HOPMAaJbHOM M KaTacTpo(UUECKOM H3HOCE 00padaTHIBAIONIETO
WHCTpyMEHTa. BBISBIEHO, YTO Ha 3aKOHOMEPHOCTAX HW3MEHEHHs CTaTUCTUYECKUX OHEPreTHYEeCKUX I1apaMeTpoB
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CHTHAJIOB aKyCTHYECKOW DMHCCHHM HE HAOIIIOMAIOTCS XapaKTepPHBIX OCOOCHHOCTEH W3MEHEHHs, KOTOpPbIE CBA3aHBI C
HOSIBIICHAEM OIPEJENCHHOTO0 BHAA HW3HOCA HMHCTpyMeHTa. OmpeneneHsl 3aKOHOMEPHOCTH B3aMMHOIO HM3MEHEHHS
CTATHCTUYECKUX DHEPreTHYECKHX MapaMeTPOB IKCIEPUMCHTANBHBIX CHUTHAJIOB AaKyCTHYECKOH OSMECCHH TPH
HOPMaJIBHOM ¥ KaTacTpoduueckoM H3HOCE oOpabaThIBalONIero MHCTpyMeHTa. [1oka3aHo, YTO OTHONICHHWE CPEIHEro
YPOBHSI DHEPIUHM CHUTHAJA AKyCTUYECKOW SMHCCHH K CTaHAAPTHOMY OTKIOHEHHIO CPEIHEr0 YpPOBHsS SHEPrud Ha
3aJ]aHHOM HWHTEpBaJiC aHAIIN3a, SIBISICTCS YYBCTBHTEIBHBIM MapaMeTpaM K MEXaHH3MaM M CTa[HsSIM U3HOCA PEXKYIIErO
MHCTPYMEHTA B IPOLECCE MEXaHUIECKO 00paboTKe MaTepHaIoB.

KiioueBble ciioBa: axkycTHuecKas SMHUCCHS; DHEPrHs aKyCTHYECKOTO M3IYYeHHs; MeXaHnueckas o0OpaboTka;
CTATHCTHYECKUE YHEPTEeTUUECKUE MAapaMeTphl; H3HOC MHCTPYMEHTA.
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